a PH domain must exhibit an affinity for PIP3 at least functions of PIP2 but also intricate regulation of memone to two orders of magnitude higher than for PIP2, brane phospholipids. New insights on these events highbecause, even in stimulated cells, the abundance of light the cell surface membrane as a major site of action PIP2 is much greater than PIP3. This requirement is of both PIP2 and PIP3 and reveal unexpected crossuniquely satisfied by the PH domain of GRP1, which talk between these polyphosphoinositides. exhibits an affinity for PIP3 that is two to three orders PIP3 and other PI3K products control many processes of magnitude greater than for PIP2 (Kavran et al., 1998). at the plasma membrane, including phagocytosis, pinoImportantly, the GRP1 PH domain, unlike other PH docytosis, regulated exocytosis, and cytoskeletal organimains that bind PIP3 with high affinity, also displays a zation. Recent studies also implicate PIP2 in an impreslower affinity for the other PI3K products PtdIns(3)P and sive number of key cell surface events (Table 1) 
demonstration that the ARF6 exchange factor GRP1 is The PI4P 5 kinases appear to be somewhat promiscuous recruited to membrane ruffles by this growth factor (Lanin terms of substrate specificity, but they have prefergille et al., 1999). Importantly, in this latter study, associence for PI4P. PI4P 5 kinase is activated by phosphatidic ation of GRP1 with membrane ruffles of cells treated acid, a product of phospholipase D. PI4P 5 kinase ␣ is with EGF is blocked by PI3K inhibition, suggesting that also activated by the small GTPase ARF6 in a GTP-ARF6 activation by EGF may be PI3K dependent (Lanand phosphatidic acid-dependent manner (Honda et al., gille et al., 1999). These considerations theoretically con-1999). The small GTPase Rac1 may also play a role nect PIP3 generation to GTP loading of ARF6, and to in the regulation of PI4P 5 kinase. Interestingly, ARF acute, localized PIP2 synthesis through activation of proteins have also recently been implicated in the acti-PI4P 5 kinase. Receptor activation of PI3Ks may therevation of PI4 kinase, which produces the PIP2 precursor fore lead to a coincident rise in both PIP3 and PIP2 PI4P (Godi et al., 1999) . Taken together, these findings levels that are localized to specific plasma membrane show concerted actions of ARF proteins to enhance the regions, while total cellular PIP2 levels do not detectably two sequential synthetic reactions for PIP2 synthesis change. from PI.
While both PIP3 and PIP2 may promote PIP2 syntheThe requirements for both phosphatidic acid and sis as described above, both PIP2 and PIP3 connect to ARF:GTP complexes to generate PIP2 acutely through pathways that tend to inhibit PI3K activation (Figure 1 . In these studies, the adhesion and PIP2-mediated attenuation of this process in that energy between the plasma membrane and underlying the PH domain of ARFGAP centaurin-␣1 is recruited to cytoskeleton was measured using tether force measurements with optical tweezers. A thin membrane tether is the plasma membrane by a PI3K-dependent pathway pulled from the cell surface with an attached IgG-coated PIP3 execute, should surely command our continued polystyrene bead and the force on the bead determined.
attention. Sequestration of plasma membrane PIP2 in NIH-3T3
